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Abstract: In Egypt, the building sector is responsible for 60% total electricity consumption and around 70% of 
resultant CO2 emissions. Due to the growing population, a high rate of rural electrification, increased use of 
electrical appliances and the “heat island effect’’ exacerbating overheating in major urban centers, the residential 
sector has become the main consumer of electricity in the country. Following the recent spate of power 
blackouts, government policy has attempted to reduce peak electricity demand through the introduction of 
various measures, highlighting the improvement of the efficiency of the building stock as a significant 
contributor to achieving this aim. 

To support this goal, there is a need to develop a comprehensive physics-based energy use model for the 
Egyptian residential building stock to estimate the baseline energy consumption and provide insight on the future 
of its energy demand. In addition, the model can be used to assess the environmental and socio-economic 
impacts of micro-renewable energy technologies and fabric upgrade solutions that reduce energy demand while 
maintaining lifestyle, health and comfort. 

This paper will present a framework for the development of an Egyptian Domestic Energy Model (EDEM) 
supported by a representative database of building stock archetypes. The scope and functionality of the model 
are presented and the envisaged overarching structure and components are illustrated. In addition, new and 
existing data sources (such as the CAPMAS Egyptian Housing Survey) that could be used to populate the 
underlying databases of this model are discussed. 
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1. Energy Consumption Trends in 
Egypt 

In the period leading up to the 2011 
revolution, Egypt witnessed a trend in 
sustained economic growth. As with many 
developing economies, despite having one 
of the lowest installed electricity generation 
capacity levels per capita in the Middle East 
(under 500 Watts per person), this triggered 
a rapid increase in the per capita energy 
consumption. Between 1990-2006, the 
average annual growth rate of energy 
consumption per capita reached 2.34%, 
closely following the average annual 
growth rate of real GDP per capita which 
reached 2.27% [1], 

In an attempt to keep up with the growing 
trend in total consumption and peak 
demand, both the total generation and peak 
generating capacity have also grown 
steadily (Figure 1). It was thought that an 
8% margin was maintained between the 


installed electricity capacity (the maximum 
power that can be generated at one time) 
and peak load (the maximum electricity 
demand level). However, the recent spate of 
power cuts and blackouts in the summer of 
2012 have raised concerns of a systemic 
electricity capacity shortage and have had 
substantial economic, political and social 
impacts. For example, frequent power 
outages result in significant losses for 
enterprises and manufacturing in forgone 
sales and damaged equipment [2], 

An examination of recent electricity 
production and use statistics highlight three 
key issues; firstly, nominal generation 
capacity is less than summer peak demand 
and, secondly, peak electricity demand has 
increased by more than 300% between 
1992 and 2011 and finally, the customer 
base using what electricity is generated has 
increased five-fold in the past two decades. 
The implementation of an integrated 
strategy that combines both relevant 
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technical and policy options that strive to 
reduce energy demand in the various socio¬ 
economic sectors [3] can help provide 
secure, reliable and affordable energy 
services that are fundamental to economic 
stability and development. In addition, this 
can also help to avoid the issues resulting 
from rising energy demand and electricity 
peak loads such as the 2012 blackouts [4]. 


of energy. It is thought that the built 
environment in Egypt is responsible for 
26% of the total overall national energy 
consumption, 62% of the total electricity 
consumption and around 70% of resultant 
CO 2 emissions [10]. It is therefore 
imperative that the sector be considered a 
key target of energy consumption policies. 



In recent years, due to the growth of the 
consumer base, a high rate of rural 
electrification, increased use of electrical 
appliances and the Urban Heat Island effect 
(UHI) afflicting major urban centres, the 
domestic building sector, in particular, has 
become the main consumer of electricity in 
the country, accounting for 47% of the 
electricity consumed and 23% of the total 
energy consumption (Figure 2). 



Fig.l. Electricity consumption/generation & peak 
load/installed capacity trends in Egypt 1992- 
2011 [5] 

1.1. The Egyptian Building Sector: 

Challenges and Opportunities 
On a global scale, the built environment is 
the largest part of the physical and 
economic human-made capital [6], where 
the construction sector itself constitutes a 
major part of the gross national product 
(GNP) [7] and accounts for 40% of the 
world's resource and energy use [8]. In 
Egypt, the sector is a particularly significant 
contributor to the economy (averaging at 
25% of the GNP) [9] and is also a key user 
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Fig.2. Contribution of the building sector to the 
energy and electricity consumption in Egypt: 2005- 
2006 estimates [5,11] 

Furthermore, as an unintended consequence 
of both global and local climate change, the 
sector has seen a marked increase in the 
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usage of electricity-consuming cooling and 
refrigeration devices. For example, the use 
of air conditioning (AC) units has increased 
dramatically over the 13-year period from 
1999-2012. Official figures indicate that the 
number of AC units rose from 196,000 in 
1999 to three million in 2009, and then 
doubled to six million units by 2012. In 
addition to accounting for 20% of energy 
consumption, the use of these devices also 
in turn worsens the UHI through the release 
of waste heat into urban canyons. 

In recognition of the importance of the 
building sector, the government has 
highlighted the efficiency improvements in 
of the building stock as a significant 
contributor to achieving energy and 
emissions reduction targets. Even though 
government strategy has, to date, mainly 
focused on behavioural change approaches, 
a more holistic approach that integrates a 
plethora of available technical and policy 
options should be adopted [12]. The various 
instruments which fall under these two 
broad categories can be described as: 

- Technical options: These include a wide 
array of energy efficient design practices 
and technology-based approaches that 
mainly involve the reduction of energy 
demand through the improvement of fabric 
efficiency and the installation of efficient 
equipment, appliances and lighting. Despite 
the effectiveness of technical options, it has 
been recognised that factors such as 
financial hurdles, hidden costs and benefits, 
market failures and behavioural constraints 
often inhibit their uptake [13,14]. 

- Policy options: Key policy instruments 

include control and regulatory instruments, 
economic/market-based instruments, 

financial instruments/incentives, and 
support, information and voluntary action 
(e.g. [15-17]. In Egypt, the main domestic 
energy code was completed in 2003 and 
followed by a commercial energy code in 
2005 [18]. 


2. Overview of Stock Modelling 

Modelling can be described as the process 
of developing a model that faithfully 
represents a complex system [19], of which 
buildings are one type. With regard to the 
estimation of the energy consumption and 
the objective assessment of the energy 
performance of buildings, various physics- 
based modelling techniques exist ranging 
from simple energy balance models to 
detailed dynamic simulation models. 

In response to the growing demand for tools 
to support the analysis of energy use in the 
building stock over time [20], several 
physics-based domestic stock energy 
models have been developed in order to 
estimate the baseline energy consumption 
of the existing stock as well as to provide 
insight into the future of its energy demand 
[21]. The broad aim of these models is to 
provide an understanding of the complex 
interactions between specific physical, 
social or economic variables and household 
energy use [22]. 

2.1. Modelling Approaches: Bottom-Up 
vs Top-Down 

The IEA defines two fundamental classes 
of modelling methods used to predict and 
analyse various aspects of building stock 
energy consumption and associated 
emissions: the top-down and bottom-up 
approaches [23]. 

2.1.1. Top-down methods 

These work at an aggregated level and 
typically aim to fit a historical time series 
of national energy consumption or 
emissions data. Models employing the top- 
down method can be broadly categorised as 
econometric and technological and are 
mainly used to investigate the inter¬ 
relationships between the energy sector and 
the economy at large [21,24]. 

2.1.2. Bottom-up methods 

These build up from data on a hierarchy of 
disaggregated components. These are then 
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combined based on an estimate of their 
individual impact on energy usage [25]. 
Through the combination of building 
physics, empirical data (e.g. housing 
surveys) and assumptions concerned with 
building operation, bottom-up based models 
allow the estimation of energy consumption 
in the housing stock. 

2.2. Model Complexity: Simple vs 
Dynamic 

Stock modelling utilises an energy 
calculation method as a core calculation 
engine to estimate the delivered energy 
consumption of the building stock studied. 
The model’s complexity is, in part, 
determined by the type of core calculation 
engine used [21] which can be broadly 
defined as either simple or dynamic/ 
complex. 

2.2.1. Simple calculation cores 

The term ‘simple’ denotes that certain 
assumptions are applied to the underlying 
model, where some energy or mass flow 
paths that interact in a dynamic fashion may 
either be approximated or entirely omitted 
[19]. Approaches such as the simple 
degree-day method, developed degree-day 
method or the monthly heat balance 
(utilisation factor) method [26] are used and 
variables are averaged over a longer period 
(monthly, seasonally or annually) [27], Due 
to their simplicity, speed of execution and 
ease of use, simplified calculation cores are 
widely used for stock modelling 
applications. One of the most widely known 
of these is BREDEM (The Building 
Research Establishment’s Domestic Energy 
Model) which was developed in the UK and 
employs series of heat balance equations 
and empirical relationships to produce an 
estimate of the annual or monthly energy 
consumption [28,29]. 

2.2.2. Complex Dynamic Simulation 
Methods 

These involve the implementation of 
complex and iterative predictive (typically 
hourly) analytical procedures [30]. The 


tools that use this approach enable the study 
of the transient responses of a building and 
its energy systems to the climate [31] and 
allow the specification of detailed 
parameters that influence building 
performance. While this approach is 
generally considered to be more realistic 
and accurate and more suitable for the study 
of thermal mass effects, potential issues 
such as slow calculation/ execution speeds 
and resultant model complexity must be 
considered. 

3. The development of an Egyptian 
Domestic Energy Model (EDEM) 

While regional projects, programs and 
initiatives have aimed to promote and 
increase the energy efficiency of buildings 
through, this has been hampered by limited 
coordination of efforts and accumulation of 
gained experience as well as the lack of 
information available for estimating such 
aspects as fabric performance and space 
cooling loads and their influence on the 
electric load profile [32,33]. 

Recent research highlighting the need for 
validated data has aimed to produce 
benchmark models for the Egyptian 
domestic sector, leading to the development 
of two building performance simulation 
models designed to reflect the average 
energy consumption characteristics of air- 
conditioned residential apartments in three 
main urban areas [32], 

To encourage the uptake of energy 
efficiency measures in the Egyptian 
building sector, it is important that a wide- 
scale national program be developed and 
implemented. As such, to support this goal, 
there is a need to extend current research to 
the development of a more comprehensive 
and flexible physics-based energy use 
model for the Egyptian domestic building 
stock. To meet this need, an Egyptian 
Domestic Energy Model (EDEM) is 
proposed with the overall aim of providing 
useful insights in support of plans for the 
delivery of a more efficient domestic stock 
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[20]. In terms of application, it is 
envisioned that the model would be able to 
undertake the following key functions: 

- To estimate the baseline energy demand 
of the existing domestic stock and provide 
insight on the future of its energy demand. 

- To explore the technical and socio¬ 
economic effects of different reduction 
strategies and energy efficiency upgrades 
over time, including the impact of new 
technologies and building materials as well 
as renewable energy solutions. 

- To estimate the technical and economic 
potential for the deployment of specific 
new technologies and building materials as 
well as micro-distributed renewable energy 
solutions. 

-To explore the impacts and unintended 
consequences of reduction strategies and 
energy efficiency upgrades on the internal 
environment and associated impacts on 
occupant comfort and health. 

In developing the scope and functionality of 
EDEM, the key criteria outlined by Coffey 
et al [20], regarded as important in shaping 
the model structure as well as its 
implementations, were considered. These 
include the ability to ask a variety of ‘what 
if’ questions through the provision of 
flexibility in the model structure and 
interfaces, the transparency of assumptions 
and facilitation of user interactivity and the 


provision of support for uncertainty and 
sensitivity analysis. 

3.1. Model Description, Overarching 
Structure and Components 
The proposed EDEM model will be based 
on the aforementioned bottom-up 
modelling approach. A physics-based 
calculation engine will be used to determine 
the energy demand of individual buildings 
representative of the whole building stock, 
which will then be weighted to give an 
overall estimate of the energy demand of 
the domestic stock. The envisaged model 
framework is illustrated in Figure 3 and its 
main components can be summarized as 
follows: 

- Model Data Module: The framework for 
the integration and updating of the 
information highlighted in 3.1.3 Data 
Sources in the form of model databases 

- Base Model Execution Module: The 
main implementation of the baseline stock 
calculation, with added functionality for 
sub-sample selection. 

- Scenarios Module: This will allow the 
variation of base input assumptions to allow 
for the exploration of the impacts of various 
changes to the building stock and fuel 
prices etc. 

- Output Module: The main output 
interface for the model. 


MODEL DATA BASE MODEL EXECUTION SCENARIOS MODULE 


MODEL OUPUTS 


INITIAL DATA SOURCES 
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Fig.3. EDEM Overarching Structure and Components 
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3.1.1. Modelling Calculation Engine 

The choice of core model for EDEM was in 
the first instance based on the consideration 
of the advantages and disadvantages of the 
simple and complex methods described. In 
addition, such factors as the requirements 
of potential the model user base and the 
practical feasibility of achieving them were 
analysed in the decision-making process. 
As a result, it is envisioned that EDEM will 
be based around a complex calculation core 
developed by the US Department of 
Energy, EnergyPlus (current version 7.2.0) 
[34], 

EnergyPlus is a complex tool based on 
systems simulation modules integrated with 
a heat balance-based zone simulation in 
which analysis is performed at time steps of 
less than an hour. As a multi-platform, open 
source tool, EnergyPlus has been 
extensively validated. 

Furthermore, various licensing options that 
address the needs of both commercial and 
non-commercial uses and allow for various 
degrees of ownership of derivative works 
and redistribution rights exist are available, 
which will be essential for the continued 
development of EDEM [34]. 

In terms of applicability, the software has 
already been used for a number of stock 
level applications. Examples of these 
include its use as the calculation core for a 
UK non-domestic energy stock model [35] 
as well as the development of a complex 
domestic stock model applied to research 
the hygrothermal performance of dwellings 
in the London area [25]. 

3.1.2. Model Interfaces 

While EnergyPlus uses a standard default 
non-graphical user interface (IDF Editor) a 
recent free to the end user graphical user 
interface (SIMERGY) [36] has been 
developed. The input and output data 
structures of EnergyPlus also facilitate the 


development of more user-friendly (and 
domain-specific) third party interfaces. 

For EDEM, a ‘function specific’ input 
interface will need to be developed to allow 
for the handling of the extensive databases 
associated with stock modelling. During the 
initial development phases, it is expected 
that this will involve the use of an excel- 
based input spreadsheet, primarily designed 
as a simple non-graphical input format for 
information that will then be translated into 
the *.idf format required to run the 
EnergyPlus calculation core. Initial 
handling of output data will follow a similar 
approach and involve the post processing of 
*.csv outputs via macro-enabled 
spreadsheets. 

Further development of the interface will 
include the investigation into the 
incorporation of the graphical capabilities 
provided by SIMERGY, which is currently 
available to download as a Beta version. In 
addition, the development of a combined 
input/output configuration for the interface 
will also be investigated. 

3.1.3. Data Sources 

The identification of data sources that can 
be used to populate the underlying 
databases of any model is integral to the 
model development process. Based on a 
review of relevant literature in the field as 
well as available government databases and 
census data, a number of key data sources 
can be identified for EDEM. These data 
sources and a brief description of their 
contents are listed in Table 1. 

It is important to note that as with any data 
collection process, certain limitations apply 
to the information contained in the listed 
databases. For example, certain surveys 
were undertaken a number of years ago 
(pre-dating the era of rapid development in 
the New Cairo suburban areas among 
others) and other surveys only cover a small 
sample size in limited locations. 
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Table 1 Key Data Sources for EDEM 


Source 

Description 


Central Agency for Public Statistical census information from 1996 and 2006 

Mobilization and Statistics covering a Govemorate level breakdown of housing 

(CAPMAS) [11] typologies, age bands, tenure.. .etc. 

Organisation for Energy A domestic energy survey conducted in 1998 on a sample 
Planning (OEP) and Cairo of 2634 flats covering 16 zones in Greater Cairo. 

University Survey [37] 

Organisation for Energy A series of surveys conducted in 2001 and 2002 in Port 

Planning (OEP): Port Said and Said (sample size: 926 flats), Alexandria (sample size: 

Alexandria Surveys [38,39] 2750 flats) 

Organisation for Energy An energy consumption survey conducted in 2001 and 

Planning (OEP) and Asyut 2002 on a sample of 807 flats in 13 different districts of 
University Survey [40] Asyut. 

Database Of Egyptian Building A database of envelope component sections representative 
Envelopes (DEBE) [41] of the region. 

Egypt Benchmark Models Two simulation models designed to reflect the average 

(EBM) [32] energy consumption characteristics of air-conditioned flats 

in three urban areas 

Technical Assistance for Policy Survey data collected in May and June 2008. Number of 

Reform II Housing Survey PSUs = 1079. Sample size = 21,580 households living in 

(TAPR II EHS)[42] 17,852 buildings. 

Greater Cairo Housing Survey A survey conducted in 2006 - 2007 covering the urban 
(GCHS)[43,44] areas of Greater Cairo. Survey sample = 9,082 households. 

HBRC Residential Building A survey undertaken prior to the development of the 

Survey[45] Egyptian building codes in 2003 of 115 housing units in 

built the five years prior to the survey. 

house typology, total floor area, the number 
Consequently, it is expected that a of floors, construction materials, percentage 

continuous process of data collection and of glazing and its frequency of occurrence 

analysis will be required to update, in the stock. Additional attributes can also 

complement and validate existing be assigned to the selected archetypes to 

information. This is likely to include the allow for sub-sample selection based on, for 

commissioning and undertaking of further example, tenure or household type, 

field surveys. 

A review of published research undertaken 
3.2. Development of Archetypes by Famuyibo et al [46] highlighted that the 

Stock modelling generally includes the number of archetypes used in various stock 

consideration of a sample of houses models ranged from as few as two to 

representative of the national housing stock several thousand, and often utilised data 

[21]. The segmentation of the domestic from actual buildings. In formulating the 

stock into a representative database is archetypes for EDEM, two datasets 

therefore essential in the estimation highlighted in Table 1 are particularly 

procedure. Archetypes are determined important - the TAPR II dataset and the 

through the consideration of a series of CAPMAS census surveys (1996 and 2006). 

building characteristics that are deemed of The Egyptian domestic building stock 

particular relevance for energy use, such as predominantly consists of multi-unit high 
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rise blocks. Table 2 highlights the main prevalence of the main parameters a base 

characteristics of the stock based on a group of 5 archetypes which can be 

sample of 17,852 buildings surveyed in the considered representative of the domestic 

TAPRII study. stock can be defined (Figure 4). 


Table 2 Key Characteristics of the Egyptian 
Domestic Building Stock [11,42] 


Characteristic 

Value 

Type 

Value 

Age 

Average 

38 yrs 

Year of construction 

Median 

1978 

Number of units 

Average 

6.9 units 


Median 

6.0 units 

Number of floors 

Average 

3.9 firs 

(including ground) 

Median 

4.0 firs 

Total surface area of 

Average 

131.6m 2 

building (footprint) 

Median 

95 m 2 

Net housing area 

Average 

73.5 m 2 


Median 

70 m 2 


3.2.1. Methodology 

The methodology adopted for developing 
the EDEM archetypes involves the 
following steps [46]: 

1. Confirm that the TAPR II dataset is 
representative of the Egyptian housing 
stock by comparing it with the CAPMAS 
census surveys. 

2. Utilise studies/surveys reported in 
literature to develop a full set of stock 
characteristics which impact energy use. 

3. Conduct a statistical parametric analysis 
to identify and rank the key characteristics 
determining energy use which are particular 
to the Egyptian domestic stock. 

4. Developing representative archetypes 
based on the prevalence of parameters 
which are typically present for each key 
characteristic. 

3.2.2. Initial EDEM Archetypes 

Based on a preliminary analysis of the two 
main databases, the stock can be 
disaggregated into a number of 
characteristics which define type, age, 
tenure, number of floors and unit floor area. 
A preliminary analysis of the main 
variables defined under each give an overall 
13440 unique combinations for possible 
domestic building archetypes. Based on the 


The archetypes (2 types of high-rise blocks, 
1 low rise block, a suburban villa and a 
typical rural house) are based on the broad 
definitions defined in the two main surveys, 
with further information derived from the 
HBRC residential survey [45]. These will 
serve as a basis for further development of 
archetypes that will take place (in 
particular, archetypes for a high-income, 
low rise block and seasonal chalets 
prevalent in resorts). This is outlined in 
more details in the Future Work section of 
this paper. 

4. Discussion and Conclusions 

In addressing the current and future energy 
challenges in Egypt exemplified by the 
recent spate of blackouts, a holistic 
approach that integrates a variety of 
available technical and policy energy 
demand reduction options across the 
various socio-economic sectors should be 
adopted. The building sector has been 
identified as a key contributor to achieving 
energy and emissions reduction targets and 
an important field for the implementation of 
evidence-based research to inform the 
decision-making and policy formulation 
process required to ensure that these 
reduction targets are achieved. 

A review of literature has highlighted both 
the key research efforts undertaken in this 
area and has, more importantly, identified a 
critical knowledge gap regarding the 
development of a comprehensive and 
flexible physics-based energy use stock 
model for the Egyptian domestic sector. 
This paper has presented a detailed and 
comprehensive framework for the 
development of such a model for the 
estimation of energy use and emissions of 
the domestic building stock- the Egyptian 
Domestic Energy Model (EDEM). 
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High Income High Rise Low Income High Rise 
Block Block 


Low Income Low Rise 
Block 


High Income Villa 


Rural House 


Code _ 

Unit Layout 


HV 






Unit Layout 
Plan 


■6 

& 

Vertical 

Circulation 




Terrace 



Courtyard 

Bedroom 

i § 

Kitchen 

Reception 

Bedroom 

1 



Income Group 


High 


High 


Urban 


Urban 


Urban 


Suburban 


Rural 


Occupants 
Floor Area 


Multi-Family 

150m 2 


Multi-Family 

90m 2 


Multi-Family 

60m 2 


Single Family 
450m 2 


Multi-Family 

100m 2 


No of Floors 
No of Units 
Tenure 


12 floors 
2 to 3 per floor 
Owner-Occupied 


_ 8 floors _ 

4 per floor _ 

Rented (New Law) 


4 floors _ 

6 per floor 
Owner-Occupied 


2 floors _ 

N/A 

Owner-Occupi ed 


1 or 2 floors 
1 per floor 
Owner-Occupied 


Age band 


1980-1989 


Post 1999 


1960-1969 


Post 1999 


1950-1959 


Construction 
Window Area 


Reinforced Concrete 
>15m 2 


Cement Brick 
<15m 2 


Cement Brick 
<15m 2 


Cement Brick 
>15m 2 


Silt Brick 
<15m 2 


Installed Air- 
Conditioning 


Appliance 

Ownership 


High 


High 


Fig.4. EDEM Base Archetypes 

The development of EDEM will help aid 
the understanding of the energy 
consumption and demand profiles, provide 
insight on the future of its energy demand 
and support a wide scale national program 
for the uptake of energy efficiency 
measures in the building sector. The work 
has highlighted a number of key data 
sources that could be used for the databases 
required to support the EDEM model, 
defined a proposed methodology for the 
development of representative domestic 
archetypes and formulated a number of 
initial archetypes based on the analysis of 
key datasets. In addition, areas of further 
work have been defined and the 
implementation of the associated tasks will 
be further discussed in the following 
section. 

Finally, it should be recognised that the 
development of models and associated data 
collection involve an iterative process 
which is continually informed through the 
experience gained in undertaking the 
development process itself. It has been 
suggested that as policy requires the 


delivery of increasing reductions in energy 
demand from the built environment, more 
emphasis on empirical evidence is needed 
for robust model development to support 
policy formulation. A clearer sense of the 
uncertainty in the results and a better 
understanding of the extent and conditions 
in which models are ‘wrong’ are required 
so we can determine how ‘useful’ they can 
be for improving energy performance [47], 
Consequently, further work regarding the 
validation of the model predictions is 
imperative to establishing its usefulness. 

5. Future Work 

The model described in this paper is an 
ongoing project currently in its initial stages 
of development. The authors intend to 
further develop EDEM. Further work on the 
model is expected to be implemented over 
the coming period will include the 
following: 

5.1. Further development and 

optimization of EDEM archetypes 
In addition to the development of the two 
remaining base archetypes, the next stage of 
model development will incorporate data 
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from DEBE to refine the assumptions 
regarding building envelope construction 
materials. As more data becomes available, 
these preliminary archetypes can be further 
improved and adjusted in accordance with 
new findings. To complement further 
analysis of existing databases, the 
commissioning and undertaking of further 
field surveys is planned. 

5.2. Development of model interface 
While the spreadsheet interface described in 
this paper is expected to allow a high 
degree of functionality, a more user- 
friendly GUI will be developed to allow the 
more rapid input of data and increased 
integration with an output module. 

5.3. Definition of uncertainty and 
calibration of model results 

There are many sources of error in the 
model development process . It is crucial to 
understand both how uncertainties in the 
input variables propagate to the output 
variables via the modelling process and 
how the uncertainty on each output variable 
depends of the uncertainty on each input 
variable. As a result, a testing program is 
planned and will be documented in 
upcoming EDEM papers. Key testing 
methods proposed include sensitivity 
analysis (such as the Monte Carlo method 
to observe the impact of various model 
input variables and parameters upon model 
behaviour) validation with top-down data 
(e.g. energy use statistics) as well as 
empirical validation using monitored data 
from surveyed domestic buildings. 
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